Objective: To determine the frequency of recurrent sexually transmitted infections (STIs) and/or pelvic inflammatory disease (PID), the average time until subsequent infection following a baseline PID diagnosis, and age-and insurance-related associations with subsequent diagnoses.
R
ANDOMIZED CONTROLLED trials have demonstrated that outpatient treatment can be as efficacious as inpatient therapy for the treatment of mild to moderate pelvic inflammatory disease (PID).
1,2 However, no translational work has demonstrated effectiveness in adolescent clinical or public health practice. Our previous work 3 has demonstrated that adolescents have poor adherence to outpatient PID treatment recommendations, putting them at increased risk for acute and chronic sequelae. Furthermore, adolescents often receive PID care in acute care settings, [3] [4] [5] [6] [7] limiting the time that can be devoted to nurturing, patientcentered, adolescent-specific care and riskreduction counseling.
Additional behavioral research has demonstrated that adolescents diagnosed with PID are engaging in high-risk sexual behaviors. 8 Without substantial behavioral change following a PID diagnosis, these girls are at significant risk for subsequent sexually transmitted infections (STIs) and PID, a major risk factor for the development of chronic pelvic pain, ectopic pregnancy, and tubal infertility. [9] [10] [11] [12] Furthermore, adolescents from communities with high STI prevalence may be more vulnerable to reinfection, not only owing to developmental factors (behavioral and biological) common to adolescence, 13 but also to sex partner selection, relationship patterns, 14, 15 and limited ability to accurately assess risk because of the community burden of disease.
To date, there have been no longitudinal studies exploring subsequent STIs and/or PID in adolescents treated for PID as outpatients in pediatric ambulatory settings. The aim of this study is to determine the frequency of subsequent STIs and/or PID, the average time to subsequent infection following a baseline PID diagnosis, and potential age-and insurance-related associations with subsequent diagnoses.
METHODS

DESIGN AND SETTING
Prospective longitudinal follow-up was conducted for 48 months during which adolescents were treated for PID in an urban pediatric center located in a large STI-prevalent city in the United States. [17] [18] [19] This institution has an established outpatient PID quality improvement intervention for outpatient management of PID designed to improve provider adherence to the Centers for Disease Control and Prevention Sexually Transmitted Infection Treatment Guidelines. 20, 21 The quality improvement intervention has been previously described 3 and includes (1) a management algorithm and clinical practice guidelines initially based on the 2002 guidelines that were updated with each new version released by the Centers for Disease Control and Prevention, 20, 21 (2) standardized discharge instructions, (3) a full course of medication dispensed at discharge, (4) standardized follow-up procedures, and (5) hospital admission for adolescents younger than 5 years.
Clinical records of PID consisting of completed clinical pathway assessment and follow-up forms are maintained in the general pediatrics, adolescent medicine, and pediatric emergency departments for quality assurance purposes. These records were used to identify patients. International Classification of Diseases, Ninth Revision coding through an administrative data set was used to identify missed cases. Electronic medical and laboratory records (EMR) were used to verify the diagnosis, track patterns of health care use, and determine STI outcomes. A single reviewer extracted data to a scannable form for electronic database entry. To ensure that data was extracted appropriately, the principal investigator (M.T.) reviewed 10% of selected medical records. This project was approved by the Johns Hopkins institutional review board.
MEASURES
Extracted data included demographic information, visit data, and STI and/or PID outcome data from the visit. Tracked STI outcomes using the laboratory feature of the EMR included subsequent infections by Neisseria gonorrhoeae or Chlamydia trachomatis, as these are the 2 most common pathogens associated with PID. 9, 12 Nucleic acid amplification testing via cervical and urine collection are standard institutional practice. Subsequent PID outcomes were also tracked in the EMR. An extraction form was completed for each patient per visit. All patients were assigned a unique identifier at the time of extraction that was used to monitor duplicate visits.
DATA ANALYSIS
Descriptive data analysis was used to assess the demographics of the sample, health care patterns of use, and frequency of STI and/or PID for the entire cohort. The primary outcome measure was STI and/or PID during the 48-month study window. Incidence of STI and/or PID was calculated as the rate of incident cases per person-months of exposure. Only patients with at least 1 follow-up visit in the EMR were used to calculate the incidence, indicating use of the site for periodic and/or routine care visits. Sensitivity analyses were performed to determine the effect of these inclusion criteria on the incidence calculations. Patients who were diagnosed with the same STI within 30 days of the previous diagnosis were not considered to have a repeat infection given the use of nucleic acid amplification testing as the primary method of diagnosis and the persistence of positive test results after infection has cleared. Patients diagnosed with another STI during this time interval were considered to have a new STI. Time was measured in days from the date of first PID diagnosis to the first STI and/or PID diagnosis during the study period. Cox proportional hazard modeling was performed to evaluate the incidence of STI by age and insurance status.
RESULTS
DEMOGRAPHICS
A total of 110 patients were identified for evaluation in the study. The mean (SD) age of patients at the time of initial PID diagnosis was 16.8 (1.9) years. Most patients were black (89%) and covered by health insurance. Baseline laboratory results for N gonorrhoeae and C trachomatis were available for 85% (n=94) of patients, and diagnosis was confirmed for all patients using medical records. Thirty-nine percent of patients had laboratory test results that were positive for N gonorrhoeae or C trachomatis at baseline and 73% (n=80) of patients had at least 1 additional follow-up visit (Table) .
RECURRENT INFECTION
Of the 80 patients who had any type of follow-up visit in the EMR, 34% (n=27) had at least 1 additional visit at which an STI and/or PID were diagnosed. Of those 27 patients, 67% (n=18) were diagnosed with chlamydia, 11% (n=3) with gonorrhea, and 44% (n=12) with PID (these categories are not mutually exclusive, as a patient could have more than 1 diagnosis at the visit). Furthermore, 42% (n=5) of those diagnosed with PID had laboratory tests positive for N gonorrhoeae or C trachomatis. While 70% (n=19) of patients had only 1 recurrent STI, 30% had 2 or more subsequent STIs and/or PID (Figure 1) . The incidence of recurrent STIs (including PID) in this cohort was 3.1 per 100 person-months. Sensitivity analyses revealed that inclusion of patients who did not seek additional visits during the 48-month study window reduced the incidence of subsequent PID to 2.0 per 100 person-months.
TIME TO SUBSEQUENT INFECTION AND/OR PID DIAGNOSIS
The mean (SD) time to a recurrence of PID and/or an STI was 377 (297) days (range, 15-1300 days) (Figure 2) . There was no difference in the risk of subsequent infection based on insurance status (hazard ratio, 1.31; 95% confidence interval, 0.57-3.0; P= .52) or age (hazard ratio,0.96; 95% confidence interval, 0.79-1.18; P=.72) in hazard models.
COMMENT
Adolescents treated for PID in ambulatory pediatric settings are at significant risk for subsequent STI and/or PID in the 48 months following a baseline diagnosis. While earlier research from this health care system has identified major barriers to adherence for adolescents treated as outpatients, 3 there is limited knowledge about the behavior, needs, and support for girls in the immediate interim after a PID diagnosis. This suggests that without behavioral intervention surrounding the baseline PID visit, the potential risk for STI and/or PID-related sequelae is significant.
The findings from this study must be considered in light of several limitations. International Classification of Diseases, Ninth Revision coding and patient medical records were used to identify patients. While this method likely captures all patients seen, there still may be patients missed using this method. Our team also relied on medical record data from a single hospital system with an established PID management protocol, which limits our ability to generalize these findings. Given the community burden of STIs in this city, [17] [18] [19] the public health department has provided for alternative venues for testing and evaluation including 2 clinics devoted to management of STIs, a family planning clinic, a free-standing teen health clinic, and 8 comprehensive school-based health centers. 22 Although we used the most conservative estimate for calculating incidence in those who had a least 1 follow-up for any reason, our method still likely underestimates STI-related disease experienced by this cohort of girls. However, these numbers represent the actual burden of disease observed in pediatric ambulatory sites and are noteworthy.
Sensitivity analyses indicate a lower incidence for the entire cohort (N=110). The fact that patients excluded in the core analysis did not have a subsequent visit of any type in the system given the expectations for follow-up and rescreening for this cohort suggests that the excluded participants are not regular or periodic users of this institution for care. Use of either estimate, however, indicates that adolescents with PID in this STIprevalent urban community are at significant risk for subsequent disease in the short-term following diagnosis. While these findings suggest similar patterns of subsequent infection as seen in adolescents and adults diagnosed with infections by N gonorrhoeae or C trachomatis, [23] [24] [25] they are somewhat more concerning given the risks to future reproductive health after PID. Given that this is the first published data with longitudinal follow-up of a cohort of girls with upper reproductive tract infections in a reality setting, it adds to the literature.
Adolescents treated for PID are at significant risk for STI and/or PID recurrence in the 48 months following initial diagnosis. Given the need to prevent future episodes of STI and PID in this population of vulnerable youth, exploring the value of behavioral intervention focused on risk reduction and designed to complement outpatient management strategies is critical. 
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